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INTRODUCTION
—

..-—-,

Tidewaterendweather-e~osuretestsonmetalsusedfiaircrtit
havebeenconductedbytheNationalBureauofStandardssinceJWW I%*.._____
TheInvestigationshavebeensponsoz’edbytheNationalAdvisoryCom-
mitteeforAeronautics,theArmyAirForcesoftheWarDeps&tamnt,and
theBureauofAeronauticsoftheNavyDepm?tznent.Thisworkenibraced
threedistinctresearchprojectsdealingrespectivelywith(1)aluminum-
richalJ_oys,(2)magnesium-richalloys,and(3)stainlesssteels.

Previouspublications(references1 to16)havecontainedthepar-
tialorfinalresultsofseparaterelated pro~smsofresearch.The
presentTaperisa finalreportonthecorrosiontestsofstainless
steelsheetsinclizjl.edinthemarineexposurepro~amsfrom1938to1945.
Dataonthesepanelsaftertheirfirstor-eecoti”yesrofeqosure”Me--
containedinpreviouspub~cations(references1.2to15). .

PROCEDURE —.. .-.

2w?3mf2.- Theinitialad prindipalobjectiveofthepresentstudy
wast~pstablishtherelativeresistancetocorrosionofchromium-nickel
alloysofthe18:8typewithandwithoutsmalladditionsofcolumbium,
molybdenum,andtitemiumasalloyingelements.A&2endawerelaterjmade
toobtaininformationontheeffect.oflocalityofexposure,ofshot-
welding,dfvccrioussurfacetreatmentsandfinishes,andofcontactwith
dissimilarmetals. .

--
Materialsc.Thesteelswereinsheetformandof10types(table1),

withrespecttonominalchemicalcompositions,comprising40different
heats.ThemaJorityofthesheetswerecold-rolled,havingtensile
strengthsbetween150,000S@ 200,000psi,and.polishedsurfacespas-
sivatedby immersionin20,percentnitricacidatabout600C for30to
60minutes. —

.—
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!ttmesofmnelJ3.-ThepzgxxmrepIW33Sjeach14incheslongand4 n
:.ncheswidewereallpreparedbythecooperatingmmufacturersandwere
ofthreetypes:(1)ordinarysheet;(2]shot-wehiedanilassenibledfrom
threesectjone,eachwithanoverlapof@ inchesonwhichwasa,dou’bla
rowoffourwelds,eachspacedapproximately3/4inchapwt(fig.1.);
and(3)havingdissimilarmetalsincontact,withthemainsheet(Alloy
“A”)sandwichedbetweentwostrips(AUoy“B~’),1by4 inches>Joinedto
itbyriveting(fig.1]. Arearatiosforthemainsheetandthestirips- ‘ ~<
were1:7and7:1forea+lcombinatlm

I?anelawithelectric-resistanceshot-welds,wereumal~ protected
atthefayfngsurfaceswithpetrolatwnpastescontainingalumhmmor
copperpowders.Thesurfacesofeachweldwererubbedlightlywiti
emery”toremovetheoxidefilmwhichformsatthehighweldingtempera-
tures.

Panels wereusually prepared insetsofeightduplicatestoyermit
theexposureoffourtotid.ewaterzthreetoweather,andtheretention
ofoneforstorageasa controlina dryatmosphere.Priortoexyosure
eachwasdegreasedintrichloroethylenevaporandthenwaseuccessivel-y
washedwithc&~bontetrachlorideandalcohol.

$@hodsofexposure.- ~e exposureracks.containi.%’~mtofWe
panelswerelocatedattheU.S.NavalAirStation,HamptonRoads,Va.

,-

Thisareaisrepresentativeofa temperatecMmatewith~~ne co~ftionsa.
g

Duringthefirst~ yearsofexposuretheracksweresituated(fig.~)
inaninletofsemi-brackishwaternamedBoushCreek.TheywereWen

.-

movedtoa lagoon(fig.2E,.F)wherethesalinity(table2)ofthewater
?=–

wassomewhathigher.Atthatt- thesimultaneousexposuresofpanels -
atKureBeachJN.C.,(fig.2B)andChaPmaziFieH,Fla.,(fig.2C,=)
werebegun.Laboratorycorrosiontestswerealsomadeana few,ofthe’
shot-weldedsemples.

TheweatherracksattheBoushCreeksite(fig.2A)were cl+ect~
overthewater,withthepanelssuspendedatenangleof45°,andbetween
6 end11feetabovethemeantidelevel.‘Zheyfacednorthe-tfromJune
1938toApril1939,andsoutheastthereafteruntiltheyweretransferred
toa te orarylagoonsite(fig.2E)inOctober1941.A branchrtilwW

7about1 8milefromtheBoushCreeklocationresultedin lightdeposits
ofsootontheskyw&rdsurfacesoftkepanels.”Ming periodsofstomn

-—

orhighwindstheundersurfaceswereoccasionallywetwithspray.

Atthe~oon (fig.2E)theracksfacedsoutheast,wereonlandap-
proximately25-feet-fr&thewaterpandwereshelteredbya highearth
b-nt some50 feettotheirrear.Theweatherracks_at_K~eBeaC9?
Co,(fig.2B)werealsoonland,approxtite~25fe~”tfr~ me oce=b
facedeastbynorth,andreceivedsprayduringseverestorms.The
weatherracksatChapmanField,Fla.,facedsouthandpresumablywere

2
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locatedonlamdnearBis~~ Bay. S%neleat%othlocalitieswereSUH.
pendedatanang~of45.

ThetidewaterracksatHeuptonRoade,Va.,weresituated-in%ush
Creek(fig.2A)frmnJune2938toNcmeniber1940,”azwiinthelagoon
(fig.2E,2F)theresf%runtilJuneof1944.ThepanelswereSUS- . --~
yendedverticallyinthemiddleofthetide-range,whichaveraged~
feet,,sothattheywerecompletelyimmersedathightideandoutof
wateratlowtidefw approximately5-hourperiods~ice daily.ll?he

8meshmothlytemperaturesofthewaterfromI!ecembG&throughAprilwas
about2 3’higherthantheairtemperature,andabout4°F lowerduring
theremainingmonths.‘Iheapproximatemeanmonthlytemperatures”ofthe”
waterwere(datafromU.S.WeatherBuruaurecordsof1~~1):-

Jazmary... . . . . . . c, .38°

I?elnnzary. . . . . . . . . ..40°

Mxech.e..*.*... ● 0 47°

April. . . . . . . . . . . .52°

w*** **** ~*** ””70° .

Jr&e. . . ...*..... .77°

Ju~ . . . . .. o...... 84° .-
A~t . . . . . . . . . . ..81°

.

September”. ..... . . .... . ___78°. _. —.
October. . . . . . . . . . . . 69°

November...,.... . . .51°

Deceni2er..=.. ..C . . .49°

Pe.uel.sinthetidewaterracksatH&m@onRoadsweremountededge-
wise(figs.3 md 4)withtheflatsurfaceshelduprightbetweenbake-
liteseparators,each3 incheslong.Theseparatorsweresodesigned
thatordyfoursmallprojecting“pointsj’”each0.008squaretichin
area,cemeincontactwit@thepanel;henceadequatedrainagewas
assured.Thepanelsendseparatorsweresuspended,onbeXelite-cov-
eredmonelmetalrodswhich,inturn,rested.inslottedarmsofmonel
metalanglesupports.Mo~i metal9~rlngs,next
separators,oneachend,maintainedclosecontact
“points”withthepexmls.

to theoutermost
of the separator

.L
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Panelse~osedto
eredwith a mixture“~

tidewateratHqmptonRoadsgraduallylecamecov-
~benorganicplantpyxrths(?nostlyalgae)and

colloidalmud,thethickneeeofwhichsel.damexceededl/16inch.
Animalorgsnismsweretielativelyfewinnum%er,andconsistedprinci-
pallyofbarnacles. *

AtBiscayneBay,Fk., (fig.2C,2D)thetidewaterpanelswere
mountedatenangleofk5°,faced.south,andwereboltedtowoodsup-
portswithlmkeliteinsulatorsin.temsaing.Althoughthetemperature
ofthewaterwasunfformlyhigherthanatHaptonRoads,thequantity
andtypesofmarinegrowthwhichadheredtothepanelswereqfite
Simibr.

-.

AtKureBeach,N.C.,thepanelswereexposedina cereal,which
crossedCapeFe=, throughwhichseawaterwaspumjx?dmoreorMss
continuouslyata rateofflowoffrom1 to2 feetpersecond.The
panelswerecontinuouslyImmrsed,ata depthoffrom3 to4 feet.
Marinegrowthsweremuchmoreabundant,andofmorevariedspecies,
thenattheothertwostations,andattaineda totalthicknessofbe-
tween 1 and2 inches.Theseorg~smswereresponsibleforsomeofthe
veryseverecorrosionwhichoccurredoncertainalloysatthatl.ccality.

~-- A~P~e@w=e e?~=d=cro-
scopicaillytodeterminetheextentofcorrosion,andwerephotographed
atone-halfnaturalsize.Microscopicexaminationsofa number@ .%.

crosssectionsrevealedthatinmostinstancesthepitsweretoowidely
-.—

scatteredendtooshallowtopermitaccuratemeasurementsoftheirdepfh
anddistribution. F.

A methodentailingthepreparationofaplasticreplicaofthesur-
facerecentlyd?velapedattheNationalBureauofStandardsforevaluating
surface finish{reference17),wasusede~erimentallyona fewsamp~s.
Theresultsweresufficientlypromisingtowarrantcontinuedresearch,
nowinprogresejtodetezminetheapplicabilityorthemethodasa mesns
for evaluatingthedegreeofpin-holecorrosion,whichservesasa func-
tionofsurfaceroq=jhnessonthestainlesssteelsheets.A beamoflight
istransmittedthroughthe.plasticrepldcamaintainedinoscillating
motfon, thence to a photo-electriccell.Analternatingelectronicvolh
meter;register~theaveragevariationInthevoltage.Thisservesasa
measure oftheeurfaceroughnessarisingfrompitting.

Tensiletestswereusedtoa Mmitodextent,hutthemethodmostfre-
quentlyemp20yedtoevaluatethedemgeframcorrosioninvolveddeter-
miningtheapproximateYatfguelimits(reference15)onthesteelsbefore
corrosionandafterexposurefordifYerentlengthsoft~.

Thetestsweremadeinflexuralfatiguetestingmachinesofthe
fixeddeflection(constantstrain)t~e,developeCLbyG.N.KYousefor

. 4
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sheet.Twelveqpectmens(fig.5)werecutfromeachexposedpanelinthe
directionofrolllng,thusprecludingcorrosiononthecutedges.The
edgesofthesespecUnenswerecareful~rubbe~withAlaxitepaperuntil.
theedgeswereveryslightlyroundedandnoburrsweredetectableby
touch.

Eachspecimensbetore testing,wascalibratedasitsowndynamometer
bymeasuringitsdeflectionwhen~adedwithdeadwei@ts(fig.6)and
byad~ustinga variablethrowcranktocorrespondtothisdeflection.
Specimens were loadedatthefreeendE@.vibratedasa cantileverbeem
bymeansM thevariable-throwcrankanda connectingrod (fig.7).
Theo#cleofstressrepresenteda ccmpletereversalfromamexm ten-
silestresstoa compressivestressofequalmagnitude.Thevaluese-
lected.forthefatiguelimitwasthebtresswith$n800psiofthenext
higheststresswhichresultedinfailure,providedatleasttwo “runs”
past10or20
approximately

millioncycleshadbeentie. Themachinesoperatedat
~ millioncyclesofstressevery24hours.

~- me sheetsftiti~ emosedW
thetidewaterandweatheratHsnptonRoads,Va.,(table1,notebl)
wereapproximately0.019inchthickwithbright-rolled(2-B)surface
finlshes.Theycontained17to20percentofchromium,7 to10percent -
ofnickel,snd,in_ instances,wuallamountsofmolybdenum,tita-
nium,orcolumbi=. SteelE,ofthe16:1type,wasexposedwitha
pickled(No.1)surfacefinish.A secondseriesofthicker(O.030to
0.075in)panels[table1,.noteb~),ofcmparablechemicalcqo~itions
andwithsimilar,endotherdegreesofsurfacefinishwerelatere~ose~

Thepanelse~osedtothetidewaterfor 3 years(fig.8)exhibited
onlya veryfewsreasofrust,mostofwhichoccurredadjacenttothe
overlappededgesontheshot-weldedpanels.Emninaticnof the stiaces
atlowmagnificationsreveakdwidelyscattered,shallaw,“pin-point”
pits,aroundwhichrustwasrarelyvisible.Thewide discrepancyofre-
sultsofthetlsualexsminatdons,madebya numberof differentob-
servers,indicatedthatitwasvirtually impossibletoratethesesteels
bythatmethodaccordingtotheirrelativesusceptibilitytocorrosion.
SteelE,huwever,exhibited.numerous““pinpolnts$toapproximately1/8-
inchdiameter~eas ofeupeflicialrust,whichoocurredduringthefirst
6monthsofekposure,andwerenotmoh worseafter36manths of ex-
posure.Ittherefore,waaconsistentlyratedinferiorinitsgorrosion
resistancetosteelsk the18:8type.-

Panel.de~osedtotheweatherbeoamecovered
lywithsuperficial,butadherentrustdeposits.

5

moreorlessuniform-
Therustgradually
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, .. . ......
,., .

becamethickerwithmore‘prolongedexposure,
yeax(fig.8)wasstillrelative:q,tbin$.-
ofa suttahlemetalcleanermd Tol.isjmr.,,.,

e

butattheendof thethird
—
u.

remoti+~leI@’~e,,app.klcation., ..:.-.,.,., —.
., .... .. . . . ... :’.
At,intervalsof.6.mo’nthsor’”ks~...~he,.~ust,wa@cleaned,.frqmsomeof

thepanels(steelAl}fjg.‘8)”’”witha,”cozmnercialcleaner. . ‘!lMs is a paste-
typecleaner cohG&xlng a grit, whichleavesa waterre2el,lantwaxfilm
onthemetaltiterpolishing.Minutept~ wqre“.tibseryablbugdermost-of
therustedareasaf~,thisd.e&f~.,.”,,@mh:periodicc,~~k.p$ngdidnot pre-
ventcorrosioti,butappreciab9 r6&Ma’dtheratetatwhich;bust-formed.....,.
A pe2ml,forexi%iple,cl.e~d’#&r’“30.fio~theof’expo~~e”bhowedless‘
rustatthe,endofthe36thmonth(rig.,8}~ thana“sinti+aryanel,not —
cleaned~afterit,tiinitial6tionthgofe~osuxe, :-’,. ‘““’..,,,,’... ....

Periotib3Mpecti~nsdurizi&thq@cpc&e,tests!cm@istent~,revealed
the steels. containing molybdm~tobe.vqaymuch“lessru~todthanthe
others,whileSte%”l-E“exhi~ltedthe,frost’rus~.Steelsoftheordinc&y
18:8:ty-pejand thosecontaining’%it@lqmor cglumblwwew ad~i@edIntar-
mediateinthe~r rest@ancetoc’orrogi’dn,buta steel(BD.1)containing
bothmolybdenum”tidcolumbiumwassomewhatlessrusted.

Ingeneral,panelsexposed”%otliewea~r atHamptonRoadssubse-
quent to theinsertionoftheInitialpanals(table1,notebl)werele=
rustedthanthese,probablyuwing,iJIpwt totherelocationoftheracks
ata grea~r,d+stq.nce.-$nlari&frob”the$etitiater.Thequant~tiqsofrust L
onthestee”l@”of’differentcomposlt~on~,howeve,r,remhin&iinthesame,.. ., ... :. ,.:, .: .,-.” ,. _.. . . . . --- Wrelativeorder.””‘,,,.;.-;:, ....,.,,-‘.. . ,,... !,..

,, . . . c,,.
“the“’ateeiginit_Jallyexposq,dme
9:to15).Theemallsymbols.on

—

~na singlespecimen,whilbthe
flexuralendurancelimits(107or

... ,;.
Restilts‘@’’”the,~qtigue..te8t?sr,o~

given,inaiiti@r,;qf,~agrms’.’(figs.
these.~ia@dqeeach,y,epresent‘a”test
lal?~e.spmibdkj@notp;,*appboxtito
108cyc.les)’i~k~jfiyes.,gfthebkp&adsamplesihthefatigue te;tingma-
chines,occtied,wia buta fewexceptions,inlessthan@ million
stresscycles... ., ,’.,’.-.,’

. . . ,.,,,,., CurvessumuarizlngtheresultscmpaneltiexposedatBoushCreek,
HamptonRo@s”zVa,;,(figs.16>17)revealthatthepanelswhichwereex-
posed‘tothe‘Wk,etherusually.suffereda seater1.05sinfatiguelimlt
thandid“’correspondingonesexposedtothelxidewater.Thereversevae
trueforpanelsefiosedatthe~oon (fig.17),protabwowingtotie
moreshelteredlocationof,thewea+~.erexposureracke,Theaveragerates
ofcorrosion~ all.theexposespanels(fi~.17)wasmostrapidduring
thefirst6monthsofe.~o~we,contlntied.ata slowpateforthesucceed-
ing18months,ahdthenwasacceleratedsomewhatduringthefjmal1.2
months.Irrespectiveofwhether’thep@ls weree~osedtotheweather
ortidewater,theavel*~evariattoninthepercentageoflossinthe
fatigue llmftm was only appz%xima-teIy*3percentfromthemeanvalue.

6“

—

——

—

?
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Datafromthefatiguetests, plotted to
oftheeffectofchemicalcompositions(fig.

—-

permita directconqmrison
1.8),amee ingeneralwith

theresultsoftheme,crograph~cexamina~lo~~.tie~teels.c&taining
molybdenn&ortitanimnprovedthemostresistanttocorrosion;whili-the
Straight18:8f3te61e,thosecontainingcolumbium(containinglesscolum-
biumthanisnowrecommended),andtheone16:1typestmeiwereofde-
creasin~corrosionresistanceinthatorder.Itshouldalsobenoted
thatthectnwesforsteelE me conc~cctural~particularlyforthefirst
6monthsofexposurejsincenomaterialwasavailableonwhf-~todeter-
mine itsfat@uelimitintheinitialcondi.t-Len,.A stressvalue(~0,000
psi)somewhath@er thandeterminedfortheotherstselswasasstie~.—.

forcalculatingthepercentagelosses(fig.18),becausetheVi.ok&ds
hardnessnumberforthissteelwasmuchhigherthanforanyoftheothers.

Thefollowingd~td,obtaine&bytheplasticrep~canethodfor
evaluatingsurfacefinish(rereronca17),agreesreasonab~vwiththere-
suits of thevisualexaminationsandthefatiguetests.Thehigherthe
values,giveninmillivolts~10-1,theSrc+atirthedggreeofsurface
rou@nessandnitting. .,

SurfaceRoughnessbyPlasticReplicaMethod-millivoltsx 10-1

Exposed~6monthsatBoushCreek

Steel Uncorroded Tidewater Weather

A-1 6.7 29.7 41.0

D-5 8.5 24s3 23.2

B-1 1.282 12.2 15.2..— .—

TwosteelswereexposedatBoushCreek,onecontaining3.7percent
mo~bdenum(B-2),aqdtheother2.5pprcent(B-7).Periodicvisualin-
spectionsthroughoutthe3-yearexposureindicatedt~t thesteelwith
tlmlowermolybdenumrustedsomewhatmorerapidly.Thediff6renc6was
soslight,however,astobead~udgedimmaterialformostpractical
applications.

Fati~etestdata-ontwosteelsexposedtotheweatherf.?x.l.zew.
atKureBeach,N.C.,(table3),indicated.thata s~eel(F)contain-
ing18percentofchromuhn,and~pertidnteachofnickelandmamgsnese,
wassomeshatmorereglstentthananordinary18:8steel(A-15).Ten-
siletestsonthesamepanelQfailed,torevealanydiff~ren~einthe
corrcsion.Thedifferentiationshownbythefatiguetestswasascribed

----

.-
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totheirgreatersensitivitytonotcheffects,asexemplifiedbyshallow
surfacepits.

TwoMn?a?.ght3.8:8 t~e steels, one (A-9)witha tensilestrength of
190,000psi,andtheother(A-5)with100,000psi,a.lmgwitha l/4-hsr&
rolledsteel(B-3)havinga tensilestrengthof120,000psiwereexpo~ed
simultaueous~atthethreelocalities.Thefatiguetests(fig.22)re-
vealedthatsteelA-9usuallywastheleaetsusceptibletcmorrosion.
SteelA-5wassomewhatmoreresistanttocorrosionthansteelB-3under
alltheconditionsofexpoeure,exceptintheseawateratKureBeach~
N.C.

AfterthefirstsheetswerewithdrawnfromtheraoksatHsmpton
Roadsandtheflexural fatiguedatahadrovozledanappreciablelossin
enduranoelimltonthecorrodedseiuplm,itwasthoughtthatlossesof
suchmag@tudemightbecharacteristic only for sheet.A seriesofR.R,
Moorefatiguespecimenswerethereforeprepared.froma 5/8inchrod,for
e~osuretotheweather..Thechemicalanalysisofthisrodyieldedthe
followingconstituentpercentages:19.09,chromium;9.15,nickel;0.05,
carbon;0.39,manganese;O.01.0,phosphorus;0,015,sulphur;and0.29,
titanium.

Thefati&uespocimen~were machinedto~ tinhnumthicknessof0.2
Inchin’thereducedsection,werepolfshedsuccessivelyon1/0,2/0,3/0,
and4/0emerypapers,amdthenwerepassivatiedfor 1 hourina 20-per-

*

centsolutionofnitricacidbyvolumeat60°C. Theywereexposedto
theweatheratHamptonRoadsonIFX27,1942.‘l?heendurancemts o~-
tainedbeforeandaftercorrosion were as follows:

4-.

EQ.CWW-2W2!XL. EnduranceLimit
(psi)

.

Initial,unexposed 75,000

1 year <55,000

3 years 52,000

-@rrosionofshotweldsendoffayin&surfaces.-me .g3sif3We@ .-
corrosionoftheshotweldsonrepresentativesteelsweedeterminedby

.——

meansoflaboratory,aswellase~osureltests.Thesteelstestedin
thelaboratorywerethosedesignatedA-l(1.8:8)jB-1.(3.7yercentof
molybdenum),C-1(0.5percentoftitsnium)~.andD-5’(0.5percentof
Cohmibim).Theweldedsampleswereimmersedfor9months,either
intermittentlyorccntin,uously,ina solutioncontaining1percentof
magnesiumchlorideand~}
andatroomtemperature.
.obserVedinthesetests.

perc&&ofsodiumchloride,atap~ of7.0,
Noevidenceoffailureonanyoftheweldswas 1-

-
8
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ContjnUou&immersionofshuilarsamp3eswasalsomade~for120de.ys,
ina boilingsolutionofthes“amemxqposition,exceptthatthepHwas
adjustedto3.0bytheadditionofferricchloride.Theunweldedportions
ofsteelsA-1,C-1,and.D-5stainedmuchmoreinthecorrodingeolution
thansteelB-1. Steel.D-52whiuhcontai~eclcohmhtum,wasthemostse-
vere3yattacked,andonesaqpledevelopedveryseverepitsonpartsof
thesurfaceawayfromthewelds. ,

After15daysofe~osureintheboilingchloridesolutionexposed
crosssectionscutthroughsomeoftheweldsonsteelsC-1andD-5(fig&
23aend23b)revealed.severecorrosion.Attheendof2.20daystwoof”
theweldsinthetitanium-bearingsteelC-1,haafailetl(figcs.23cend
23d);whileweldsintlieothersemglescontainedonlysuperficialpits,

... .

ShotweldsonpanelsexposedtothetidewatsratH&@tonRoaae,Vaiy- ““‘-
ingeneral,appeeredonvisuali~ectiontcbenomo~eseverelypitted
thantheremainderofthesheets.Onpanelse~osedtothewgather,how
ever,therewasamsrkedtendencytowardsl@ht3yheavierdepositsof .
rustonthewelds.Weldsonthemolybdenum-containingsteelswere‘&e
kastrusted;whilethoseonthe16:1typesteelE werethemostruste&

Tensiletestsweremadecmsingleshotwelds,ofwhichtherewere16
s

oneachweldedpanel,afterexposureatHenrptoaRoads.Onlya fewofthe
weldsshowedmarkedlossesInthebreakingloadsorexhibitedevidenceof
severerustingafterprolongedexposuresThesefailureswereprokabwre-
l.atedtospecificcorilitlon~occurringatthemomentofwelding,rather
thantotheinherentchemicalandmicroatructuralcharacteristicsofthe
sheets.

Representativereeultsofthetensiletestsona fewofthesteeh
(fig.24)revealWhat,exceptforisoiatedinstancesoncorroddwelds,

‘ therangeinbreakingloadsforthesingleweldswaswithinnerrowlimits.
Thehighegtvalueswere obtainedonsteelE. TestsmadeattheE.G.Budd
ManufacturingCcwapanycnuimUsrweldsinthis16:1t~e steel,showed
thattheywouldwithstanda twistofcnly’lOObefore~ailure;whereas
weldsinthe18:8ty~esteelswithstooda twistof90 beforefailures
Shotweldsinalloysoom?espotiing.tosteelE pro%ab~wouldnotprove
assatisfactoryastheaustenitictypeallo~sforhighlystressed.
structures. -.

Onallthe18:8t~e steelstowhichpetrolatumgreasewasapplied
atthefayingsurfacespriortoshotwelding,littleorno corrosion
was notedattheoverlapsafter3 yearsofexposuretotidewaterorthe
weatheratHam@onRoads(figs.25and26),an~mostofthegreasewas
stillinsitu..— Whensuchgreasingwasomitted,however,from50%o”~

e percentoftheseareaswerecoveredwithrust.OnsteelE S~O nst@?
occurredatthefayingsurfaces,eventhoughgreasohadteenapplied.

.
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.I!Y2fectof~A~- SteelsGozxta2ning2.7
(B-7)or3.7(B-3)percentofmolybdenumweresurfacetreated.,priorto
exposure,inthefollowingw~w:

1. (m) - PickleL- Treatedfor20to30minutesina solution
containing20percentofnitri~acidandk percentiofhydro-
fluoricacid,byvolume,at60 C.

2. (Pa)-J5asUS- Tr@atedfog60mititesina solutionof
20 percent@tricacid.a&6Q __C, .--.----- — —

3. (Pi-Pa)-~ck18d..~ass~vated..- Asin (1)and(2).

4.(Pa-Pr-Pa)--Passivated,pre-surfaced,passivated.- passiva-
tlonsasin(2).Thepre-swface(pre-pitt3.ng)treatment
consistedofimmersionfor30minutesina 10-percentfer-
ricchloridesolutionatroomtemperature.

5. (~i-pa-~-pa) - p-jck~gd,~~s~ivatgd,~pg-s~~ced, ~assfvatgd. -
Sametrealanentsasin (4)witha pre-pickleasin (l).

After3 yearsofexposuretothetidewaterandweatheratHampton
Roads,Vs.,allpanelswereinspectedbyfourobserversandratednumeri-
callywithrespecttothequantityofcorrosionpresent(table4). For
panelsexposedtotheweathertherust depositssewedasa rellablscri-
terionofcorrosionwhilethoseexposedtotidewaterexhibitedonlyscat~-
teredandminutesurfacopits,whichrendered~udgementmuchmorediffi-
cult. Theratingsindicate,particularlyonthepanelswhichwereex-
posedtotheatmosphere,thatthosegiventhepickled-passivatedtreat-
mentexhibitedtheleastrust.Panelswhichwerepassivated,pre-sur-
faced,andpassivated(treatment.4)exhibitedrnorerqstthgnothers
giventhesametreatmentsafterpre-pickling(treatment5). The bene-
ficialeffectofyicklingpriortopassivationalsowasnotedonsteel
A-9.Panelsofthis18:8typesteelwhlchwerepassivatedonly,exhibit-
edconsiderablymorerustsfterexposuretotheweatherthanotherpanels
whichwerepickled,thenpassiwated.

Itmaybeconcludod,therefore,thatpicklingpriortopassivating
treatmentstendstoimprovetheresistancetocorrosiveattack,butthat
themoreelaboratesystemsofpassivationcoupledwithpre-surfacingef-
fordnomoreprotectionthandoesa Binglepassivationwithoutpre-
pickling.

A numberofsteelsofdifferentchemicalcompositionsandcommer-
cialsurfacefinishes(table1,noteb5)wereexposedatEWnptonRoads.
Onpanelsexposedtothetidewater,forperiodsupto3 years,areasof
supefiicialrustoccurrodoccasional~onpanelshavingthedullersur-
facefinishes(designatedNo.2-DandNo.1). Onspecimensexposedto
theweather,theemountofrustonpsneleofa givencompositioncor-
relatedwiththedegreeofsurfacepolish(fig.27).

b

i-
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9.

b

Therustte&edtofcunnonisolatedareas,approximately“1/2inch
tndiameter,hnpanelshavingtheNo.1 andNo.%b~~nik%e~.-T&”d=M““”
positswerethickerontheNo.1 tha,ontheNo.2-Df’inishtandwere
hoticeablyheavieronthesetwofinishesthenon‘the”others.Al=i@I
therust on thesurfaceshavingNos.2-B,No.4,andNo.6 finidieswasf
ingeneral,muchnoresuperficial,thenumberofindividualareasof
rustworemorenumerousandofsmallersize,seldomexceeding1/8inchW
diameter.TheatiountofrustontheNo.2-BandNo.4finisheswasap-
proximatelythesame,buting.sneraltendedtobescgneyhatlessonthe
No.6 finish.Alio.~finhh,thehigbstdegreeofpolishof the panels
testedandappliedonlytothestraight18:8steels,exhibitedtheI..e=t
rust.

Certainofthesepanelswerecleanedperiodical.lywitha commercial
d.caner.Onthetwosurfaceshavingdullfinishes,,Nos.1 and2-D,the
cleanerusuallyremovedtheruston- partiallyovenafterv$gorousrub+.
bing.RustonthesurfaceshavingNos.2-Bjk,and.6 finishescouldbe
entirelyremovedwithouttheapplicationofnuchpz%esure.Rustfrom
surfaceswiththeNo.7 finishwasreadilyremovedwithrelatively
lightrubbing.

Afewpanelsofthe18:8typewereexposedtothetidewateratHemp
t&z’Roads,V’a.,afterapplyinghand-brushedclearvarnishcoatings.The
coatingsincludedtwoaypliedbytheE.I.DuPontdeNenoursCo,,and
twoappliedbytheHerculesPowderCompany.Thecoatingsallbeganto
peelfromthesheetsduringthefirstyearendwerealmostentirelyoff
attheendofthesecondyesr.Mostpaintsarenotadherent,unpol-
ishedstainlesssteelsurfaces.

&n&@s withdieslmilarmetal.s.-SteelC-1,stabllizedwlthO.5
percentoftitanium,wastheoneusedonthepanelshavingstainless-
steelexposedincontactwithaluminwnormqpesim alloysatHem@on
Roads.Thefirstyearofexposureinthetidewat%r~acks(figs.28and
29)showedthatthefouraluminumalloysinvosttgated,commercially
knownas24S-T,AlClad2@T, 53S-T,and52S-1/2H,werehighlyanodic.
Theywereseverelycorroded,andcorro~lonproductsformedinUwge
quantitiesbetweenthefayingsurfacesofthesteelandthealuminvm
alloys,especiallywhenthesurfaceareasoftheahniinum alloys were
small as compsred withthebteel.

Boththemacroscopicendmicroscopicexaminationsrevealed.that
alloys2~-T and-AlcIad--2&Twerethemostseverelyattacked,with
53S-TsomewhatlessSo$smd52S-1/2Etheleast.Thisdoesnotneces-
sarilyindicatetheorderofthepotentialdifferencesinvolvedsince
the52S-1/2HandAlclad24S-Talloysareinherentlythemost resistant
tocorrosion.

11
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Identicalcouplesegosedtotheweather (fig. 30) corrodedEIlmil.arly
tothoseintidewaterbutatamuchslowerrate.Insomeinstances(fi&
30,alloy24s-T)theaccumtitionofcorrosionproductsatthefayingsur-
faceresultedinmzfflcientstzwsstobreakoffrivetheads,Stress-
corrosioncracks,forthesamereason,werepresentonsomeofthe24ST
exposedtotheweatherortidewater,aud.ontheAlclad,24s-Tstripsex-
posedtotidewater(fig.31c)attachedtostainlesssteelpan~ls.

A seriesofpanelewasincluded,In,thetidewaterexposureonly,in
whichstainlesssteelstripswereinsulatedfromthe aluminumalloymain
panelsbythefollowingmediums:

1. No inundation

2.Foursheetsof0.002-tnchthickaluminumfoil,NavySpecification
AC1107&GradeA,withahuuhlumw~.~hers,TypeAN960-A-6und&
theme ANk30-D-IPhcqsonHead,anodized17S-Trivets.

3.CellulosetGpe

4.GradeA cottonfabric,llawSpecificationAC6-97~r~~ted >.
witha bakelite-typeseanicompound.

5.GradeA cottonfabricimpregnatedwi.@soya-beanoilanda clear
sparvarnish(1:1ratio),NavySpocificatlonVllgc.

6.GradeA cotti’nfabricimpregnatedwitha bitumenlikesubstance.

Thealuminumalloymainpanelswerepailntedwithonecoatofprimer
andtwocoatsofvarnish,pigmentedwith~ poundsofaluminumpowder
pergallon.Thestainlesssteelstripswere notpainted,norworesm.
panelsofAlclad27S-Talloy.Aluminumalloypanleswhichwerepainted
includedA.lclad17S-T,anodized17S-T,anodized24-S-T,and52S-1/2.H.

Thepanelswereremovedfromthetidewaterracksatter2 yearsofex-
posure(fig.32)andthemacroscopicexaminationrevealed:

1.Thestainlesssteelstripsshuwednoattackon&nyofthepanqls.

2.Rivetheadswerepracticallyunattachedon (a)allunpaintedAl-

3.As

clad17S-T panels,Irrespectiveofthesystemofinsulation,
and(b)allpanelswheretheinsulationwasaluminufoil.

~udgedbythequantitysnddtatributionofthecorrosion
prcductsaroundtheedgesofthestpinlesssteelstrips;
thebestsystemsofinsulationwerethealuminumfoil,and
theimpregnatedcottonfabricsystems.Soya-beanoilPlus
varnishandbakelite-typeimpregnationsweresomewhatmdre

E
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effectivethanthe-bituminou~-type.The cel.lulosetapeand
non-insulatedsystemswereineffective..

,,
Paintfailures,extending3/8inohinwatif-z%rn-th-eedg

prevalentonallexceptthe.52S-l/2Epdnels.Onpa~;<e~~mels,
lesscorrostonproductswerepresentonthe52S-1/2HandAlclad
17S-Tthanontheremainingalloys.. .. .,..__,...

Paintedandanodized17S-Trivetheadswerefairlyseverelyat-
tackedonpaintedAlclad17S+?,17S-T,and.’24S:Talloys,es-
yecie.llyonthelatter-two.The”numberofheadsoti”whfch
attackoccurred,however,wasleastforthealuminumfoil,
andmst forthecelhzbse...tape andnon-insulatedsystems.

6.“Spotting”ofrivetheadsw~thtwocoatsofalm”fnumpaintproved
ineffectivewheretheheadswereadjacenttoatainleE+ssteel.
Failureoccurredonupwardof50percentof.thepaintedheads,
probab~yaugmentedbypooradherenceofpainttothesteel,and
the resultingattackoftenwasmoreseverethanonunpainted
rivetheads. ,, -.,. .’

7.Probablynoneofthesystemsofinsulatingpzkxedaseffectiveas
maybedesired.Paintingofthealuminumportiondefinitely
removedmuchoftheanodic(protective)effectofthepanel

,. upon;therivets.Wherethedissimilarmetalismuchthesmaller
inarea,asonthepresentpanels,Itiasugges.tedthatmQre
effectiveinwd-ationmightbeobtainedby.paintlngthesmaller
strips,ratherthanthelargerpanelareas)ifa~erentPaint
were”availabb. - --

TWOunpaintedmagnesiumalloys,DcwmetalsM andH,wereveryseverely

.

.—

-.

attackedwh=ncoupled–withstainl;s&steel,especiallywhenexposedto
tidewateratHemptonRoads.Immediatelyafterthef~st ti~ewater~?.
cove~dthesepanels,violentbubblingofthewateroccurred,andthere- “““
actionwasaudibleata diatenceofapproximately15feet.Anadherent
whitecorrosionproductwasdepositedonthesteel,whichattaineda
thicknessof0.004inchontheseconddayofexposure(fig.33),atwhich
timethefirstset,ofunpaintedTanelswasremved.Thewhitedeposit
graduallydisap~ared,andtheunderlyingsteelwasfound‘Unattached.
The.DowmetalMwas attackedsomewl~tmore.rapidlythanthe~~tal HO
Theunpainttidpanelswereremovedfromthetidewaterracksafter1/15,
1,3,and12months,whilepanelspaintedpriortoexposuye(fig.34)_fl
wereremovedfromthetidewaterracksafter1,3,7~,and12menths.
The-paintscheduleconsistedof1 coatofzincchromateprimerand
3 coatsofaluminum-pigmentedvanish(NavySpeciflca~ionVIO-d).

Unpaintedpanelsexposedtotheweathercorrodedata muchslower
.—

ratethanthoseexposedtotldewater~butbetweenthefirstafisecond

13
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yearscorrosionproductsatthefayingsurfaces(fig.31Aand31B)were
sufficientinquantitytocausestresscorrosioncrackingofthestain-
lesssteelstrips.Thepaintbetweenthefayingsurfacesonthepainted
panelsaffordedexcellentprotection,,andseverecorrosfonatthecouples
wasnotnoted,untiltiterthesecondyearofweather e~osuro (fig.3k).

A numberofpanels(SteelA-6)weresuspendedinthetidewaterracks
betweenseparatorsofwood,glass,hardrubber,bakelite,monelmetal,
copper,orbrass.Panelsweresu~pendedbyeachsu~ortingmaterial,by
the(1)“four-pcint.”methodusedInthemainprograms,and(2)withcon-
tactestablishedwiththesteeloveranareaofapproximatelyonesquare
inch.Themetallicseparatorswerearranged,insomeinstances,topermit
a completeelectriccircuitthroughthemandthetestpanels.

Thetestsrevealedthatanyofthematerialsweresuitableforsus-
pendingstainlesssteelInseawater,providedthe“four-point”method
wasused,andthatthesuspendingmediumwaskeptinveryclosecontact
withthesteel,Wheretheareasofcontact(fig.36)were1 squaro
Inchandnoprovisionwasmadefordrainage,the“inert”eeparators$such
aswood,glaes,hardrubber,andbakelltewererelatively less satisfactory.
Inasmuchastheareasofcontactwerenotopticallyflat,a sufficiently
closecontactbetweentheseparators‘kind.thesteelwasnotpossibleeven
withtheaidofmonelsprings,

Theseverityofthecorrosiononthesteelpanelswasincreasedwha
thewoodandbakeltteseparatorswerepaintedwitheitherclearoralumi-
num-pigmentedmarinesparvarnishes.Suchvehicles,oncepermeated,ap-
parentlyretainedsallnemoistureandoxygenwhichaffectedthecorrosion
on thesteel.Noevidentelectrolyticcorrosionoccurredonthestainless
steelpanelsincontactwiththemonel,brass,orcopperseparators,
whetherornotthesystemofmountingpermitte~.thecompletionofanelec-
triccircuit,Itisdeemedunwise,however,tousedissimilarmetals
forsupporteintidewatertests,sincetheymayiflluenoatherateof
attackonthepanel.Corrosionproductswhichformedonthecopperand
brassseparators,forexsmpb,mayhaveresultedinpartfromelectrolyt-
icaction.

Effectoflocalityofexposure,-Ithasbeenpreviousl.ystatedthat,
atalllocalities,corrosionproductsaccumulatedingreatestabundanceon
theunder,orearthward,surfacesofthestainlesssteelpanelsexposed
to theweather.Thisobservationhasbeenmadebymanyinvestigators,and
isregardedaschwacteristicofmostmetals,whothortheweatherexposure
conditionsbeclassifiableasmarine,inlandrural,orindustrial.No
entirelysatisfactorytheoryhasbeenpromulgatedtoaccountforthisbe-
havior,butthecleansingactionofrainwaimrontheskywardsurfacesis
generallyacceptedasconstitutingonefactorintheretardationof
corrosion.

8
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Thecorrosi&productswhichformontheearthwardsurfaceusually
are “&itheroontinuotisnorofuniformthickness..Comparativelyheavy
depositionsapproximatelyc,irciila&inarea,andvaryin&in‘sizi,froti-
pointsto3./2 inch’diametar,usual]qaredistributedmoreorloss‘uni-””
forml.y.On“therestofthesurfacetheproductsareeithermoreQuPO,r-
ficialor’absbnt.Analogoussurfaceappearancesarerare3yachievediri
thevariou~-kyp%M I.a%opatorytests. .:. -., “.-.—=-..,. .,,. ----......

However,suchsurfaceappearanceswereduplicatedattheNatiofil
BureauofStandardsinrathers~?rpleandpurelyquali+;ativeexperiments.
Strip&‘of-Bhoetmeta~lsap~ro~iuw+tely2 feetlongandfromS to3 inches
wide,tirebentrectan~ul.a~ate“achend.Onewasp,lacedinal%%ktir‘“
ofb’oSlih&’water,theotherin& beakeroficeweier,‘@assr.e&“”te@-”-
erati~e@adi&t. ‘~.e,htirfzbq%liyM_tuatecisheetwasspr~~d with”‘a-
dilutesolutionofs~dlwgchlcs~da-ohitsto~andbottom.stif@6’s.As
soonas,tiyi&wascq I,stetttespxaywasrepeated.W#iXlg occw%ed. at
“a sltier rate-cmtheunlsrsu&face*‘‘Corros~.onproducts‘formedinitial-
ly,usuallyinq narrowbandle~s‘W+nl\2inchwid6,& a location ‘
nearestthehottei‘end,andontheun&er’side.Withrejjeatidkpraylngq.
andalternatedryingsthewidthofthoburil@aduallj~ncreas’~dtoiiazil
thecold?y?nd~S@ fInal.lyattaineditsaPT.went~~m~ ~.dth’.,,..“, ,,’ 7. :>.. -:,-:. —

‘Et@be~avior,+6>blievbdtobeEUM,1OGOUS-bthatwhichresults-
. -incni”tdoor%&itherlng.‘”Theptisnoziononissu~gesti%0%a type”dfolec=

trolyticcell,perhapsoftheoxygen-concent~tit~olivariet$ywhich@r6ba-”
blyattainsitsmaximumactivitydur~ theperiodsof“roteritiond“-”-“~

s fiImsofmoisturehavingcerta”mcriticalrangesofthickness.The
filmsultimately%ecomedisconkdnuousandagglomerateinto droplets
owingtosurfacetension.Thelengthof~imethatthecriticalfilms
arepresent,probablydeterminestherate at whichthecorrosionpro-
ductsform.,.; .-,., ,----- .&L.-..-

B““out&oorwadthbrkgthefo?.%iit~on”ofcor~~ionproduc%‘is
:.s..=...

there~ore‘larCelydependent~on thefrequencyofrain?alls,“or@ -
condensationsasscci.atedwiththedew-point,thehmidity,midthe‘rafe~
ofdry@gongond.erpdbysunlight.Thosunhastensthedryingonthe
skyw~dsurfaceof”the&&osure@ne1,much”fire than on the earthward
surface.IthasbeenBhown(fig.17)thatti”norch~es inlocatlti’at
a einglelocalitymaybea determiningfactor,astowhethercoti-o~fon’“’
ismoresevereOQ,thesta?.nlasgsteqlpane1se~osedtothewec.thoy~or”
onthoseexposedtatidewater.

. .“-,-
..-T:__.

The,results‘ofthp”fatiguetdstsonpanelsexposed”sirnultamous-’
Iy(SteelsA-5,,A-9,andB-3)at%@ton Poad.s,Ku.re”B6aCh,~~ ~-
Field(figs.”19,20,21,&nd22)’alreedyhavelxwagi~ienwithrespectto
thehe~avio,rof,cashsteel.Tbt3a~enw~eda% forthe~~L”ee s-e l-s
(ftg.35),plottedon+lieI&is ofy52centlossofinitial.en3m*ance
limit,vevea~-ino~e”informativelytkk-“ratesofCwrosiorias”re~tedto

—
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thelacalltyofexposure.PanelsexposedtotheweatheratKureBeachex-
hibitedmorelossinfatiguelfimitsthantbosae~osedunderanyofthe
othermarineconditions.Thesecurvesshowthataftere~osuretoweath-
erortidewateratHamptonRoadsorChapmanField,orafterexposureto
seawateratKureBeach,theaveragevariationinthepercentageofloss
inthefatiguelimitswaswithinti~ercent.Thiscomparesclosely .

7withthevalueof~3percent(fig.17 obtainedattheHamptonRoads
stationona Mger numberofspecimensinitiallyexposedona different
date.

Ingeneral,thesurfaceappearancewasverysimilaronallthe
stainlesssteelpanelsexposedtotheseawateratthethreelocalities
andrustdiscolorationsusuallywerenotpresent.Theonlyexceptions
occurredatKureBeach,wherethetwostraight18:8steelswereseverely
rustedundertheareasofcontactwiththeirbakelitesupports(f~g.36),
andalonglongitudinalstreaksextendingoutwardfromthesamesource.
Suchareaswerediscardedinmachini~thes~ecimensforthefati~etests.
onlyonepanel(Stoe.1B-3)wasleftinthe~eawateratKureBeachfor
the12-monthexposure,endit-%oataincdseveralpits”obviouslyassociated
withtheactionofsea-organisms.

ThepanelsexposedtotheweatheratHsmptonRoadsandChapman
,0

Fieldexhibitedsuperfiotalrustandwerequiteallkeinappearance,
whilethoseatKureBeachwereconsiderablymorerusted(figs.37and38).
Surfacerustwasconsistent.~leastonthel/h-hardmolybdenum-con-
tainingsteel,B-3.

CONCLUSIONS

Theconclusionsthatfollowarepertfnenttopanelse~osedforap-
proximately3 ye=s,underextrememarineconditions,asexemplifiedby
tidewaterorweatherexposureofmetalsinclosepmoximitywithsalt
water.

1.Depositsofrustformedingreatestquantityupontheunder
surfacesofpanelsexposedtotheweatherat~lcs depwtingfrom
thevertical. .

2.RustdepositsusuallySormedingreatestquantityandthickness
withinthefirst6monthsofweathering.Thereafter,forperiodsupto
36mnths,pronouncedchangesinsurfaceappearancedidnotordinarily
occur,althoughthedepositsincreasedslight2yinquantity.Minute
pitswereoftendiscernedbeneathmanyof

3.Rustrarelyformedon18:8sheet
particularlythosewithbright-rolled,or

16

therustedareasafterc3.eanln&

panelsexposedtotidewater,
hi@erdegreesofsurface

.
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ffnish,butminutepitswerediscernibleatlowmagnifications.Similar
s~eels,withdullfinishes,amongthema 16:1steel,rust6d.

4. Steelsapproximatingthe18:8composition,and’contatiingfrom
2.5to3.5percent.ofmolybdenum,exhibitedmuchlossrustonwoathoring
thanthoseof.theordinary18:8typewithorwfthoutadditions”oftita-
niumorcolumbium.Steelswith5.5 percentofmolybdenumrustedel$ghtly
lUSSthanthosewith2.5percent,butformostpracticalapplicationsthe
differencemayberegardedasnegligible.

,’5”.The.quantityanddistributionoftheru’stonsheetpanelsex-
_posedtothew&athermayserveascriteriaforap~-roxirnateevaluations
ofthecori@ion,butvisualinspectionsfrequentlyare”inadequatefor. ‘
suchevaluationsofpanelsexpcsedtotidewatar.A plasticreplica‘‘ “
methodemployedforsurfaceanalysisappearsyromisingasa meansfor
eva~~tingthedegreeofcorrosionpitting,aftertherusthas“beenre-
moved,asa functionofsurfacerouglimss.T?lexuralfatiguetesttiap-”-
peared,tobomore sensitivethantensileteds asa measureofthe
dams@caueedbycorrosion.,, ....-.—.

6. Therelativesusceptibilitytocorrosionoftheparticular.
sheetsunder.thespecificcondft,ionsofexposureusedIntheseinvesti-
gations(fig,17)couldbeestablishedbyfatiguetests.Thesqrevealed-. a s~poriorityinthesteelscontainingmolybtinumortitanium,andan~
inferiorityoftheheat-agedcohimbium-bearingsteelandoneofthe16:1
typb, The,relativelynaqrowrangeofthe10SSinfatigue”limits-(tipor-

. cent),forallthesteelsexceptthelasttwo,indicatedthat”thoorder“of
suscept.ibiiitymaybeexpectedtoshowvariations,withintheranges
established,on”differ-entheats”OYmetalexposedunderthesame,oret-her
marineconditions.

7.Thegreatestcorrosiondamage,asdeterminedby10SSin fatigue
limits,occurredduringthefirst6nonthsofexposure.Thereafter,up “
to3 yesxs,therateoflossusuallywasvarylow.

8.Thefatiguetestsrevealedthat,ata givenlocsJitythe’damage
resultingfro?.uexposuretotheweathermay,ormaynot:beworsethan
thatresultingfromexposuratoseawater.Minorch~es, such,for
example,asthedistanceinlandof‘weather-expownepanelsfromthe
water,theextenttowhichseaorganismsmayiiccel~ratethecorrosion,
andsoforth;maybethedeterminingfactors. \

welds,onpanelsexposedtotheweather,tetiedtobe
slightlymxw susceptibletoruetformation‘th&”o“therportionsofthe
sheet,onsteelsofthe18:8type,s+ toa somewhatgreaterdegreeon
a 16:1Wpe ofHteel.Shotweldsonmolybdenum-containingsteelsare
muchless
tidewater

susceptibleto
imorsionsthe

rustingthtion-other
shotweldsdonot,as
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10.Thestrengthcharacteristicofshotwelds,ingeneral,re-
nainedunefTectedafterprolongedexposuretotheweatherorseawater-.

.

Therel.ative3yfewinstancesinvhichshotweldsexhibitedseverecor-
-.

rosionandlossj,nstl’erngthwereattributedtoslightimperfectionsin
theoriginalweld.i~procedure.

11.Onshot-weldedpan61sthomostseverorustingfrequentu
occurredatthefayingsl.u’facesofthesheets.Ayylicationsofapprcf-
yriategroascs,suchaspetrol.atum,wereef~ectivein_preventingsuch
Gorrosio?le

Z2.Pickling,Friortopaasivatingsurfacetreatments, tended to
~provetheresist~ceofstaj~essstee~tocorrosiveattack.system
ofsurfacetreatuentinwhichpassivationwascoupledwithpro-pitting,
werenomorebeneficialthanpassj.vationwhichwasnotprecededbya
yickli~treatint.

13.Onpanclsexposedtotheweatherthedegreeofyolishsi@xU’i-
cantlyinfluencedtheamountofrusting.Dullfinishes(Nos.1 and2-D)
rustedthemost,ordinarycommercial.polishes(Nos.2-B,4,and6)rust-
edless,wliilemirrorpolishes(No.7)rustedtineleast.Rustalsotend-
edtodevelopondullfinishedpanels&zposedtosoawater.

14.Theadherencoofrusttotheswfaceincreasedasthedegreeof
yollshdecreased,Thesuperficialrustonpolishedsurfacesmaybere-
movedeasilybytheapplicationofsuitabletypesofmetalcleaners,hut
canberemovedonlywithdifficulty,andfrequently notcompletely,from
thedullersurfacefinisheB,Theperiodiccleaningofsteelsexposedto
theweatherwasbeneficial,andthewaxfilmsleftbycertaincleanersra
te.rdedtheformationofrust,Thedullersurfacefinishesrequireclean-
ingmorefrequently.

15.Theheat-treatmentofcold-rollodstainlesssteelsat440°F
.’ for24hoursresultedinnomarkedchangeinextentofrustingonpanels

exposedtooutdoorweathering.

16,Varnishingorpaintingofpolishedstalnleusstbelafforded
\./’ onlytemporaryprotection,owingtothefactthatpaintsdidnotadhere

verywell,undermarineexposure,to.quchsurfaces.

17.Aluminumalloysandma~esiumalloya,especiallythelatter,
stainlesssteelsandwereseverelyattackedwhen

incoil%actwithth6m.Theratioof%%& areasiaveryimportantande.f-

.-

factstherateofcorrosionontheanodicmemberofthecouple.Where
theareaofthesteelissmallcomparedwiththeli@talloy,thetini-
mumcorrosionofthelatterresultsfromelectrolysis,whilethomaxt-

‘--

mumcorrosionresultewhenthoarearelationshipsarereversed.
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lfl.Sincetheelectrolyticcoupleiseffectiveonlywhenmoisture
Ispresent,theseverityoftheco~rosionwasverymuchworsefor panels ‘
exposedtoseawaterthanforthoseexposedtoweathering.

19.Leescorrosionistobeexpectedwhenaluminumalloys52S--
l/2Hor5~E-TareIncontactwithstainlesssteel,thanwithalloys24S-
T orAlclad24s-T.Accumulationsofcoznosionproductsonstripsofthe
latteralloys,exposedtotheweatherfor ‘2 yesz”s,tendedtoforcethe.
stripsawayfromthesteelpanelandsametlmesresultedinstresscor-
rosioncl*ackingonthoalumlnumalloysandbreakingofftheheadsofri-

—

vetsusedtoJointhemetals.
-- .— .—

20.Insulationbetweenstainlesssteelstripsonaluminumalloy
panelsmaybeeffectiveinpreventingseverecorrosiononthealuminm
altiyimners~dinseawaterforperiodsupto 2 years.Alumintifoil,
orcottonfalricsimpregnatedwithsoya-’beanoilandvarnish,orwitha
bakelite-t~eseamcompound,weresuitableforuseasinsulators.Suit-
ablepaintschedules,appliedatthefayingsurfaces,aresatisfactory
formanyconditionsofweatherexpcsure. ...

21. Nosatisfactorysystemofinsulationhasyetbeendevisedfor
.—

theprotectionofmagnesiumalLoyswhichareexposedtiseawaterin
contactwithstainlesssteels. ———.

22. Magnesiumalloysnomhallycontaining1.5yercentofmnn@anese
(DowmetalM)weremoreseverelyattackedwhenincontactwithsfkinless ‘—
steelsthananalloycontaining6 percentofaluminum,3.opercentof
zinc,and0.2percentofmanganese(Dowme.talH). - .—_______

23.Onunpaintedmagnesiumalloypanelsjoinedtostainless
steel,andexQosedtotheweai%rjtheaccumulationofcorz%slonpro-
ductsatthefayingsurfticeamy resultinthestress-corrosioncrack-
ingofthemetalformingthestrip.

-.
Suitablepaintschedules,suchas

a zincchromateprtiarwithgoodgradesofmsrlnesparwumish,“afford-
edexcellentprotectionforperiodsinexcessofa year. ,--

NationalBureauofStandards,
Washington,D.C.,August1945.

—
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VARTm!3.. -TC!A1. Am (!-OAT. (?7fbQACTF7?TRTT(!S~ ~ STATNT= SIIET!L SEEI?I?S.— . . . ...— ..- .— ---- —--. —.—---- — -— --——- -— ——

DOsig-Oomar-. Thiak- Wfmg
3“

chemical c
T

06iti0n-
nationcial ??:3 finish (pement

t,yp cl’ ITi c MCl Si s P Othere

A-lc 306 0.017 2-B 1 19.$p 9.82.0.09 0.49 0.2710.o1o0.o19 --

A-lAO 306 .Ou-.0302-B 1-. 1.9.178.96 .09 .39 .3251.Oog .020 --

A-2& 3C% .067 2.B 5 19.089.05 ..op .52e .37e .012e .022e --

A-3& 306 ,oy3 2-D 5 18.868.97 ..104 .59° .39e .006e,019e --

A-ka 306 .045 7 5 18.868.67 .05 .55° .3@ .oo9e ,0219 -- “

A-{’ 306 ‘;o16k 8 18.728.68 .06 .54e .36° .#8e .Olae --

A-6° 3ob .OI.82-B 6 la.54 8.17 .07 .54 .434 .0L2 ,007 --

A-6Ag 30L .040 2-B 9 18.3 8.4 .08 .33 -- -- -- --

A-76 302 .046 1 5 3.8.249,03 .06 .51= .34e .Oloe.022e --

A-7A~ 302 .&l Q-B 4 la. 8. -- -- -- -- -- --

A-$$ 302 .061 6 5 L7.F 8.42 .092 .37e .20s ,Oloe .020e --

A.9d 302 .020 2-J#i 7,8 17.828.25 .L18 .x .39 .014 .017 --

A-I.& 302 .025 2-B 1 17.8 7.7 .ll .W .26 -- -- --

A-Ug 302 .031 2-B 1 17.8 7.5 .09 .66 .31 -- -- ---

A-I@ 302 .Om 2-B 1 17.8 7.3 .I.o .% .45 -- -- --

A-@ 302 .020 2-B 1 L7.6 7.45 .I.l .54 .35 -- -- --

A-14g 302 .021 2-B 1 17.5 7.35 .~ .59 .38 -- --- --

A-1+ 302 .060 2-B 3 17.488.28 .I.O .X -- -- -- --

A-M+ 302 .017 2-B 1 17.3 7.4 .lo .5s .40 -- -- --

B-1c 317 .Ola 2-B 1 17.91IL(28 .08 1.41 .364 .006 .015 MO3.67

=26 317 .051 2-9 2 la.ao13.70 .07 1.68e .29e .014e.Ooae 14Y.3.6a

B-3dk 317 .023 2-B 8 l%co 13.74 .W 1.52 .60 -- .0C8 MY3.40

B-4d 317 ,043 4 5 M.21 13.04 .06 1.52e .30e .012e.Olae lb2.94e

B-5d 317 .051 1 5 17.9913.28 .0$ 1.a2e .30e .012Q.O1.lflb2.94=

B& 316 .q6 2-B 3 17.71.m.48 .* L07e .17° .CwJ” .Olae lb2.89’

B-7& 316 .CS1 2-1$ 2 17.79u3.72 .05 1.27e .34e .012e .Olle MCI2.70*

B-8d s~ .046 2-D 5 1~.og12.89 .0% 1.50 .29 .W% .013 M 2.70

Br!-ld -- 2-B 7 L8.8813.69 .06 1.50 .49 .008 .019 MOl&,o’b0.57

m2 d -- 4 7 18.8313.60 .06 1.m .kg .008 .Olg MYM7,cbafi

c-la 321 .01.82-B 1 17.56 9.12 .q .41 .463 .(N8 .015 Ti0.%
dC-2 321 .041 2-D 5 17.31 I.I..cm .046 .y) .45 .W .01.2 Ti .3
d2-3 321 .053 2-B ‘ 5 38.42 lo.q .046 L39e .67e .W9e .023e Ti .38

“J 321 .038 1 5 18.78 X).23 .0% 1.34e ●@e .C05e.022e 9!1J#
at&l 347 .031 2-B 1 la.40 8.36 .08 .p .47 .020”*olDe @’b0.79

D-2d 347 .043 &D 5 18.06 lo.m .072 1.32e 073e .008e .O1.lem .@
L1-3~ 347 .055 2-B 5 L8.64 I&m .062 1.42* .40° .oue .olf’ m .76’
>4~ 347 .044 1 5 17.85 1o.70 .070 Ll?f .588 .0098.olf c% .64e
1-50 347 .038 2-B 1 17.84 9.90 .08 .46 .2WJ .W .Ov Cb .53
p 431 .Ola 1 1 17.70 1.62 .08 .72 .518 .021 .0A2 -.

*5 -. .063 2-B 3 la.3 4.1 .q 3.95 -- -- -- ..

.

,

aa
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TA2Z31 (Continued)

aThesecomnerolalfInishdesignationssignify:-1,pickled;2-B,brightcold-
rolled;2-D,duncold-rolled;4,standsrdpollsh(architectural)~ground;6Ss~d I
polish,satin,tamplcobrush;7,finish2-B,plusgritgrindto320emery,andafinal
buff,highluster.

bl~osedtotidewaterandweatheratHaq@onRoads,Va.,inJune1938.Wlthdraw-
.alamadefromweatherrackesfter7&,24,and36months;fromtidewaterracksafter
~, 12,24,end36monthsofexposure.

b21@osedtotidewaterandweatheratHeqptonRoadE,InJune1938endrammed
after36monthsof~osure;scanspanels,however,weretransferredtotheweather
racksfromthetidewaterracks,after12monthsofaqposureendremained24monthsin
theweatherracks.

b%rposedtoweatheratKureBeach,N.C.,inNovember1941,andwithdrawnafter
1.2months.

b%!xposedtotidewateratHSJ@QnRoads,Va.,inSeptember1938,sadwithdrawn
after33months.

b5~ose& t.oti~wateraudweatierat-ton Roads,Va.,“h Ib%mber 1940;with-
drawnfrom weatherracksafterYj 18} and 36monthsandfromthetidewaterracksefter
~8end36months.Someofthepanelsb theweatherracksoccasionallywerecleaned
toremoverust.

b6~sed~ tlaewa~ratm~n Ro~, Va., in June 1938-WlthdY%WIL“fifter 7’~J
E, 24,end36monthsofexposure.

by~osedtitidewaterandweatheratHaqtonRoads,Va.,inJune1940endwith-
drawnfrcnnthetidewaterracks&ter1.2and24months,andfrcnntheweatherracks
after12,24,and36monthsof~osure. -.

b%cposedsimultaneouslyatHamptonRoads,Va.,K&e Beach,N.C.,SJXICha_
Field,FL%,inOctober-ltovember1940.withdrawtimadetiter6andM?monthsat
Hez@onRoadaendKureBeach,andefter6monthsonlyatChapmanField.

b%!kposedtotddewateratHamptonRoads,Va.,inJune1938emdwithdrawnsfter24
monthsofexposure.

‘Material.furnishedbytheCarnegie-IllinoLsSteelCorporation.

‘Ladleenalyses;addothersrepresentthemsnufaoturers t oheok analyses on the
billets.

f Annealed; ultlmate strength MO,000psi.

6~~rialf~ehed by& Won SteelCorporation,viatheEdwar&G.EuddM-
ufacturlngCompany,whichcooperatedbypreparingmostoftheshot-weldedpanels.

‘somepanelssurface-treatedby“meansother
acid.

‘Sampanels,afterrolllng,heatedat440°
~~terialused~ cooperativetestldththe

‘Intheone-fourthhardcondition;ultimate

thansimplepaeslvationinnitric

F for24hours,thencooledinair.

=ternatlonalNickelOompeny. -.
ntrength,X22,000psi.

‘Heat-agedtoanultimate.s&engthofI&$000pSi.

%aterlal furniehedbytheRepublicSteelCorporation.

23
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TABIW2, - CHEMICALANALYSESANOCHARACTERISTICSOFTHESEAWATER

ATTHEEXHMJRJ3LOCAIJTIES

~-to. R.ds.V..
Properties

and
constituents

r

Iloush
Creel#

Appearance -.

pH I8.0
Specificravity --8at25°/25e
Totalsolids,
drieda%110°C
Calcium(Ca)
Magnesium(Mg)
Sodium(Na)
Potassium@
Sulphate(S04)
Chloride(Cl)

Brcmtde(Br)
Sumofdeter-
minedconstit-
uents

--

--

-.

--
-.

L1.7512.20
-.
-.

MasonCreekb

Practicallycolor-
leeswitha small
amountofrddish
sediment

7.6
1,018

24.89

.30

.92
7,61
0.27
~.88
13.66
,038

24.68

Chapman
Field,Fla.
(Biscayne
Bay)

-..

--

-.

--

--

.-

8.03

--

L4.47
.-
--

L

KureBeach,
N.C.(Cape
Fear).

--

7*7
--

--

●404
1.292
10.m
;4C?3

L2.664
19,20
.069

34.62

aT.idewatarexposuresitefromJune1938toNov.19@. Theanalysis
wasmadeaftera peyiodofheavyrainfallsmdprobablyrepresentsthe
minimumsalinity.-

%idawaterexposuresitefromJune1944.Thelagoonsite,usedfrcm
Nov.1940toJune1944,wasa simlJ.arinl.etjsituatedabout1 mileaway,
onWilloughbyBay.Thecharacteristicsofitswaterthereforearebe-
lievedtoconformcloselywiththoseatIlascnCreek,butthewaterproba-
blywasslightlymoresaline.

24
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Steel
designa-
tion

.— -

A-15

(18:8
type)

F

(18:4:4
t~e)

NACATNNo.1095

TAB.LE3. l?HYSICALPROl?KKPIESOFTWOSTEELSEXPOSZDTOTBEWEATHER

ATKL%REBEACEf,N.C,,FORlYXAR

Exposure
period
(mo.)

E;m;%y
I

o 166,300I
I
128,000 22.0 69,000

12 166,000 129,000 22.0 65,600
I

o lgo,ooo 124;900 27.5 75,o~

12 lgo,ooo la,000 27.0 74,500

~ote. -Located250yardsfromoceanbeach,facingsouthatanangle
of 30”. .

. . ,.+ .
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steel

B-2

B-7

B-2

B-2

B-7

B-T

Erpolwx

Tidewater

Tidewater

weatJu#-

Uea”&erd

Weatherc

Weatherd

Surfacellmatnrmtebandratingaa 1

Pi I P%”““
0h3erver ‘ob6erver
No. Av. No. Av .
1234 1234

233 2 “2..5 z~4k2.7~

k242 3 24s1 2..5

-- -- 44h3 --

-- -- L4L4 4
I

Pi-Pa

Obmrver
?fo. Av.
1234

.---

----

1111--

1111 1

1111 --

1111 1

% . pickled;Pa= pac36ivated;Pr= pre-mmfaced
cS@ard surfaces

%arthwardsuri’aoes

Pa-l%?-% i fi-p*-~-~

Gbaerver 0b8em&r

No.
1234 ‘v” IT;34 ‘v”

—

T_
.—

4223 2.75 2411 2

23242.7512113
I

1.75

3334 --1
I
2222 --

33353 /2222 2

3433 -- 4222 --

34443.3 4222 2.5

1
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I?AOATM NO. 1095 Fig. 1
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Figure l.- Typeof panelsused for determiningthe corrosion
of shot-welds,or of dissimilarmetals.

All dimensionsare in in~hes.
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Figure2.- The exposureracksused in the Investigation.A,
Weatherand tidewaterracksin BoushCreek,Hampton

Roads,Va. B, Weatherrackson KureBeach,CapeFea, N*CC
0 and D, Tidewaterracksin BipcayneBay, OhapmanField,Fla.
E, Air view showingthe relativelocationof theweatherand
tidewaterracksin an artificiallagoonat HamptonRoads,Va.
F, Tidewaterracksof (E),viewedat.closerrange. “’,
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II;pOINT”CONTACT

IDETAIL OF
CROSS-SECTION
OF ONE ENDOF
SPECIMENMOUNT

Fig.3

—.-

VIEW

---

Figure3.-Viewsof a model,
anda sketch,

showingdetailsof themethod
usedforsuspendingpanelsin
thetidewaterexposureracks
at HamptonRoads,Va.
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NACA TN No. 1095 Figs.4,5

Figure 4.- Close-upview showingpanelssuspendedin the
tidewaterracksat HamptonRoads,Va.

--

--

F1.gure 5.- Thedesignand-dimensionsof thespecimensfor
testsin theKrouseflexuralfatiguemachines.
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A specimenloadedwithdeadweightsfordeterminingits -
deflectionpreparatoryto calculatingthemaximumstress-

es.Defletionmeasurementsweremadeby meqnsof thepointerand
8caleon ~hearcat theright.
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NACATNNo.1095 “Fig.7

Figure7.-A specimenintheKrouseflexuralfatiguetestingmachine,
showingthemethodofattachingitatthefixedandload-

ingends. .
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Fimre 8.-StainlesssteelRanels,ofvariouschemicalcom-
positions,exosedto thetidewaterorweatherat

HamptonRoads,Va. !i’for3 months.NotethatSteelB-1,con-
taining3.7percentof molybdenumexhibitedtheleastrust
especially on the earthwardsurl%ce,WhileSteelE, Of the
16:1type,showedthemostrust.SteelA-1wascleaned
periodically,theotherswerenot.x 1/2.
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STEELA-I (19Cr-911i)

A IkEUHERED SPWMEN RUU!D H FATIWE TIST
o TMEWATER SPEC#MEN FAILED IN FAT’WUZ TEST
A W!XJHEFUDSPLCW - NO FAfJRC IN MTleUE TEST
● TIDEWATU 5P-EN - NO FA,LURE IN FATIe”E TEST
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Figure 9.- Resultsof flexuml fatigue
teste on 8teelA-1, giving

the datafor eaohspecimenteeted
(smallsymbols)andtheapproximate
fatiguelimlts{largesymbols).
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STEEL B-1 (WCr - llNi ‘~7ka)
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I’igure 11.- Resultsof flexuralfatigue
:testson SteelB-1, giving

the data for emh specimentested,and
the approximatefatigue limits.
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AVERAGE RATES OF CORROSION AT HAMPTON RQWS,W.
(STAINLESS STEEL SAMPLES)
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Figure17.-Panelsexposedin 1938were looatedat theBoush
Creeksite,whilethoseexposedin 1940werelo-

catedattheLwoontattheU.S.NavfQAirStation,Hampton
ROadS,Va. The data are the averagefor all thestainless

panels,irrespectiveof theirchemiealcompositions.
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Figure18.-

cORROSION PERIOD-MONTHS

Thecomparativeratesof corrosionforeaehsteel
exposedat theBoushOreeksite,HamptonRoads,V&
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B’igure19.- Resultsof flexuralfatigue
.testeon 8teelA-5 exposed

simultaneouslyat the threelooal.ities,
givingthe data for eaohspecimenteet-
ed, and the approximatefatiguelimits.

●m
I I I I

STEELA-9(18G-81LI

_ OWPIL!NFRD, FLA_ _wwi-on FlwS, M_

:.

:
:
ii

*
:
:

:
:

5

●
-

-8 %uJu — WLw . r.= .5,
— — Fmzn m FArnu ‘mar

-A —mmn-mmm .nmaw.sr
● — —-mmwe mnummmsr

nm,

W1’M-ClmvIs Mm “
WC 5YUOOLS
fal?_w&Fuw -

m I I I I
Osmls h 510M

mnmsm Pmm-iuu’ms

El
z

Figuse20.- Resultsof flexuialfatigUe #
testson 8teelA-9 exposed ~

simultaneouslyat the threelocallties,
givingthe da~a for eaohspeolmenteet- ~
ed, and the approximatefatiguelimlts. -.
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Figure21.-Resultsof flexual fatigue
testson SteelB-3 exposed

simultaneouslyat the threelocalities,
givingthe data for eachspecimentest-
ed, and the approximatefatiguelimits.
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Figure23.-Oorrosionon shot-weldsexposedto a boilingsolutionof mixedchlorides
in laboratorytests.A, Pits in Steel C-1 titanium-bearing)on a walded

[crose-sectionexposedfor 15 days.x 10; B, SteelD-5 columbium-be=ing),expoeed
underthe sameconditionsas-in‘A”.x 10J C, Pin-holeon SteelC-1 shot-weld,which
developedin 100 days.x 9; D, Corrosionat the edgeof a shot-weldon SteelC-1
after120 days.x 9.
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Figure24.- Resultsof tensiletestson individual
shot-weldsfromrepresentativepanels

afterexposureat HamptonRoads,Va.
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Figure25.- Thefayingsurfaces

*

.

of re~resentativeshot-weld-.—
edpanels-exposedto tidewaterat HamptonRoads,

Va.forthreeyearsshownaftertensiletestsweremade.The
breakingloadforeaohweldis indicatedon thephotograph.
‘Notethelackof ruston sampleshavinga greaseat thefay-
Ingsurfacespriorto shot-welding(SteelsA-1smdB-1).x 3/4
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Figure26.- The fayingsurfacesof panels,CO~ara%lS to
thoseshownin figure25, but exposedto the

weatherfor threeyearsat Ham ton Roads,Va. Surfacesto
fwhichno greasewas applied~r or to welding(SteelA-12)

exhibitconsiderablerust.x 3/4.
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Figure 27.- Earthwardsurfacesofpanelswithdifferent
oornmercialsurfacefinishes,afterexposure

to theweatherat HamptonRoads,Va.forsixmonths.
Notethedeoreasein quantityandthicknessof thecor-
rosionproducts,as thedegreeof surfacefinishis im-
proved.xl.
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Figure28.- Stri s of aluminumalloys,coupledin a 1:7 arearatioon panelsof stainless%
!Etee , andexposedtothetidewateratHamptonRoade,Va.fortheperiodein-

dicated.Notethe severecorrosionon the stripsandthe quantitiesof corrosionproducts
accumulatedat the edgesof juncture.x 1/2.
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Figure 29.- Strips of stainlesssteel, coupledin a 1:7 srea ratio with panels of aluminum ~
alloys,andexposedto thetidewaterat HemptonRoads,Va.fortheperiodsin-

dicated.Note that the aluminumalloysare less severelyattacked,and the
T
antitieeof

corrosionproductsat the edgesof junctureare less thanin figure20. x 1 2.
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Fig”. 30

Figure30.- Earthwardsurfacesof stripsof stainlesssteel
ooupledin a 1:7arearatiowithpanelsof

aluminumalloys,andexposedto theweatherat HamptonRoads,
Va.fortheperiodsindicated.Notethattworivetheads,
joiningthesteelto alloy24ST(arrows),havebrokenoff
becauseof thestressesimposedby thecorrosionproducts
at thefayingsurfaoes.x 1/2.
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Figure31.- Examplesof stresscorrosionon panelshaving
stainlesssteelcoupledwithlightmetalalloys.

A, Crackon stainless’steelstripjoinedto a magnesiumalloy
panel,DowmetalM. Exposedtwo yearsto the weather,earth-
ward surface.x 1. B, Oross-sectionshowingthe largeamount
of ccrrosionproduotsat the fayingsurfacesof (A).x 2-1/2.
C, Cracksin Alolad24sT stripatt’achedto a stainlesssteel
panel,exposedtotidewaterfortwoyears.x 50. .-
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Figure32.- Panelsof aluminumalloysjoinedto stti,nless
steelstripsand exposedto tidewaterat Hampton

Roads, Tea.for two yearswith the variousinsulatorsbetween
the stripsand the panels.The upperrowsof rivetheadswere
paintedwith an aluminumpigmentedvarnish.Note the absenoe
of corrosionproductsalongthe edgesof the stripsinsulated
by aluminumfoil.X 2/5.
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Figure 33.- Unnaintedpanels exposedat Hsmptok

E
..

fpNls5s Hfine$ ‘,

:’1, * ‘
. ..- .* L-. i

.,,

. . ti i’mms

Roads, Va., for the periods indicated,hav- E
ing stainlesssteel-sadmagnesi~ alloysin oontaotwith-eachother.Note-the

electrolyticdepositionof whitecorroeionproduotson the uncorrodedBteel,on panelBex-
posed to the tidewater.The upper quadrantsshow Dowmetalstrips on steel; the lower qW-
rants showthe reversearrangement.x 1/2.
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Figure34.- Paintedpanels,comparablewith thoseBhownin flmre 33.
after ex@Xure at H&UptonRoads,Va. Notethatth~ pant’

affordedlittle protection againsttIdewater exposure,and that it
began to fail to adhereto the 6tainles8eteel strips after 7-1/2
months of weather-exposure(arrows).x 1/2.

1



NACATN No, 1095

7

AVERAGERATESOF CORROSIONAT THREELOCALITIES
(=AINLESSSEEL SAMPLES)

SYM 0

\

~ ~: LCCAJ ITI” EXPOSURE .gyOsm 1,40-. . .. . .
HAM?TON ROAOS,W. TIDEWATER NOU ZO
HAUPTON -,& WEATHER NOV. I 4

“\.

\.\\~ , A== R%YKKL.~&%E ;&r

‘\ \%’.x\
B -,-- c~PMAN Flm,r@ WEmHCR Om. 15

‘\ \%&

“L. \\?*,>\\

1., \\\’\

\y%,>\

“’\\ \ ‘~y~; A=

“\ \\\~_-J._<T._. —0 ““
“\

“\ \. ‘-
“\. ——— — _’~.

\ -— 0
“\

=.+
A

“\
““\
““\A-——-~

1 I
6 ,2

CORROSION PCRIW ‘MONTHS .—

Fig. 35
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Figure35.- The averagepercentageof lossof endurance
limitof stainlesssteelpanelsexposedto

the weatheror tidewaterat HamptonRoadsand Chapman
Field,or to theseawaterat Kiu?eBeachis
verysimilar,thedeviationbeinglessthan
Panelsexposedto theweatheratKureBeach
o~esmostseverelycorroded.

shown-to be
A 3 percent.
were the —
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gure36.- Thefour-poktmethodof eupport.lngpanel.ainthetid.awate>rackB 8erved to prevent corrmlon cauBed
by contactwiththesupportingmedium.me symbols:-W,wood,cypresE;B,bakelite;R, hardrubber;

G, glas~;C, copper;M, monelmetal;A separator painted withaluminumvarnish;V, eeparatorpaintedwith clear

varnish;E, mmn’ted to permit an ebotric circtit; 1, four-pointcontacts;2,solidcontactof1 equareincharea.



NACATN No. 1095 Fig.37

Figure37.-StainleSssteelpanelsexposedto theweather
andtidewateras indicated.Panelsexposedto

seawateratKureBeachexhibitedmoreevidenceof the
actionof organisms,butwererustedonlywhereheldby
bakelitesupports(arrows)or Zn streaksoriginatingat
thoseareas.x 1/4.
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Figure38.- f3tainlesssteelpanelB,fitera year’sweather-exposure,weremuch more
rustedat the Kure Beach site than at HamptonRoads. The molybdenumcon- ~

taining steel,however,was very much less rusted than the others. x 3/5. m.
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